Summary
The mean and standard deviation over 24 h for 3 groups of animals -active, intermediate and inactive
in physical activity units were 10948 ± 3360, 2611 ± 1973 and 484 ± 316' respectively. The differences were significant (P = 0'004), demonstrating the ability of the method to distinguish between groups that can be visibly differenti· ated. The small within-animal physical activity standard deviation (18'8 SPA U) obtained in another group, suggests that it also yields reliable physical activity measurements for non-human primates.
The monitoring device used can discriminate between individual nonhuman primate physical activity levels in a free·living environment and does not alter daily behaviour. This makes possible the study of the relationship between physical activity and atherosclerosis in nonhuman primates.
Epidemiologic population studies have provided evidence that low levels of high density lipoprotein (HDL) cholesterol are associated with ischemic heart disease in man (Castelli, Cooper & Doyle, 1977; Scanu, 1973; Stamler & Epstein, 1972; WilherImsen, Wedel & Tibilin, 1973) . These studies have also demonstrated that strong correlations exist between serum HDL-cholesterol levels and several risk factors of coronary artery disease (CAD). One such risk factor, physical activity, has been the centre of much controversy (Kannel & Sorlie, 1979; Paffenbarger, Wing & Hyde, 1978) . Of the several problems that have arisen in the study of human physical activity, the lack of an accurate measurement method seems to have caused the most difficulty, and it is only recently that an objective technique has been developed (LaPorte et al., 1979) .
Although nonhuman primate studies contribute much to our understanding of CAD, their use in the study of the role of physical activity has been similarly hampered. This paper describes the measurement of physical activity in a young adult nonhuman primate population employing the new technique developed for man, an important step in Received 4 November 1981. Accepted 12 January 1982.
using animals to investigate the relationship between physical activity and CAD.
Materials and methods
The large-scale integrated motor activities monitor (LSI), described by (LaPorte et aZ., 1979) was used. It is the size of a wrist watch and contains a mercury ball which moves with body movements to make contact with sensors. Every 16 such movements result in a count being registered on the digital display of the monitor. We call this count a physical activity unit (PAU).
These monitors were secured firmly in the uppermost part of the backpacks of primate jackets. Preliminary studies in our laboratories show that this position resulted in the maximum value for trunk movement of the subject being monitored. We concluded from visual observation and statistical analysis that after only a short period of adjustment (24 h) the animals wearing jackets bearing measuring devices behaved normally, and that measurements made on jacketed subjects accurately represented their physical activity.
The jackets and monitors were placed on the animals after they had been given a small restraining dose of ketamine hydrochloride im (S mg/kg). The anaesthetized animals were allowed to recover in a holding cage for I'5 h and then returned to the colony. After 24 h to allow acclimatization to the jackets, the animals were recaptured without use of anaesthesia by means of a squeeze cage or manual restraint, and a baseline LSI reading obtained. After another 24 h, this procedure was repeated and the difference between the readings taken as a measure of the animals' 24 h physical activity. Differences must be taken since the monitors cannot be reset to zero.
There were 3 phases in this study. The 1st utilized 12 male Macaca fascicularis, 2-3 years of age and weighing 3-4 kg. Visual observations were used to identify 3 groups of 4 animals each. Animals that were obviously in constant motion were classified as very active, animals that rarely moved or were caged were classified as inactive, and animals whose activity was visually in between these groups were classified as intermediate in their activity level. This was done in order to evaluate For the 3rd phase of this study, we intervened in the daily routine of the subjects in order to determine whether the monitors could discriminate mild changes in physical activity. A baseline 24 h physical activity reading was obtained from I male and 4 female M. fascicularis who were living together. The intervention consisted of entering the pen and walking behind the animals so that they kept moving. In this way, we caused the animals to walk at a steady pace around the pen for 5 min. We took care not to excite the animals or cause vigorous physical activity. This procedure was repeated 3 times during the 24 h period.
Results
The ANOV A of the data obtained in phase 1 showed a significant difference among the 3 groups F (2,9) = 10'68,P= 0'004). The group 24 h physical activity means and standard deviations were 10948 ± 33M)., 2611 ± 1973 and 484 ± 316 for the active, intermediate and inactive groups respectively.
The results of the ANOV A of phase 2 showed a small standard deviation within the animals (aw = 18'85), which suggest that this technique results in a reliable objective measurement of physical activity for individual nonhuman primates. The variance among animals (aa = 322'9) is much larger, indicating marked differences among animals.
The data collected in the preliminary pilot study relating physical activity and HDL-cholesterollevels of the 9 Macaca fascicularis in phase 2 are shown in Table I . The Spearman rank correlation coefficient was 0'70 with a P-value of 0'022. Table 1 shows the actual values for physical activity and the corresponding HDL-cholesterol values for each subject for the 2 recording periods of 24 h. The analysis of HDL-cholesterol values shows no statistically significant difference between the 1st the ability of the monitor to distinguish physical activity differences among these visibly different animals. 2 24 h LSI physical activity values were obtained as described above and averaged for each animal. Groups were then compared using analysis of variance techniques.
In the 2nd phase of this study, 9 M. fascicularis females 2-3 years of age and weighing 2-3 kg were used. These animals had been randomly selected from a group obtained from an importer some 18 months earlier, and were not pregnant at the time of this experiment. Since the end of the quarantine period, these animals had been housed together in a primate breeding facility at our research farm and fed a nonatherogenic monkey diet prepared in the diet kitchens there. This diet -21 % protein, 22% lipid (including 6% phospolipid), 3'2% ash, 2'5% carbohydrate, 0'036% cholesterol and 6'6% CALfgram -was designed to maintain the animals' plasma cholesterol below 200 mgfdl. These animals were classified by our subjective criterion as being intermediate in their physical activity patterns. In addition, the technicians working with the behaviorists at our primate center counted the number of acts of aggression per h in this group. Again, there was no difference between these animals. Based on this subjective physical activity criterion, the behavioural patterns and history, it was determined that this group was basically a homogeneous one. We also proposed to obtain HDL-cholesterol values to determine whether they were related to the physical activity levels. 24 h LSI values for physical activity were obtained as described above. Another 24 h LSI reading was obtained 7 days later. The Spearman rank correlation between the two sets of values is O' 72 with P = 0'018. As pilot studies indicated that workday and weekend physical activity are different; th~recordings were taken on Tuesdays, Wednesdays, or Thursdays. At the end of each 24 h activity period a blood sample was drawn for each subject to determine the total plasma cholesterol (TPC) and HDL cholesterol. Total plasma cholesterol determinations were done using an automated procedure (Rush, Leon & Turrell, 1971) and the lipoprotein distribution and plasma of fasted animals was monitored by agarose gel electrophoresis and by heparin-manganese precipitation with subsequent determination of HDLcholesterol concentration (DHEW, 1974) . The within-and between-animal variance for physical activity in M. fascicularis and the correlation of mean physical actiVity with mean HDL-cholesterol were then determined. The correlation was based on the average of the 2 24 h physical activity recordings imd the 2 HDL-cholesterol values obtained for each animal. and 2nd readings (F (1,16) = 0'009, P = 1; the Spearman rank correlation is 0'35, P = 0'18). However, it should be noted that several animals experienced major fluctuations in their HDLcholesterol levels in this short 7 day period. Phase 3 results are given in Table 2 . As can be Corbett, Schey & Green it is important to measure, and r.ontrol for, physical activity. While evaluating this objective measurement technique for physical activity, it seemed pertinent to correlate the results with a physiological parameter that is believed to be associated with physical seen there was a significant difference in physical activity between a routine day and the day we intervened to increase physical activity. The magnitude of the change for these individual animals with mild stimulation suggests that, in general, these animals are not normally very active. It should be noted that this difference in physical activity was not an effect of recording on different days, since preliminary studies showed that the colony physical activity did not differ in the Monday to Thursday period during which recordings were obtained.
Discussion
Demonstration of the usefulness of the LSI monitors in determining physical activity in nonhuman primates for studies of atherosclerosis was the principal purpose of this study. It appears that this technique is sensitive enough to discriminate individual physical activity differences in this species, and promises to be an important tool for future studies relating physical activity to HDL cholesterol and to the development of atherosclerosis. It can also be used to control a possible source of confounding in studies relating other risk factors to atherosclerosis in the nonhuman primate.
Phase 1 of this study demonstrated the ability of the monitor to register large physical activity differences between groups that were visibly very different. In addition, the 9 animals that were utilized to correlate physical activity with HDLcholesterol levels in phase 2, while subjectively having the same physical activity, exhibited a spread of LSI values. This suggests that even when dealing with an apparently homogeneous group of animals activity. HDL cholesterol was chosen as the parameter, since its relationship to physical activity is of primary importance in the light of recently published human epidemiological studies (Pearson, Bulkley, Achuff, Kwiterovich & Gordis, 1979; Goldbourt & Medalie, 1979) . Phase 2 animals seemed to be the logical ones to use for a preliminary study of this relationship, and to provide additional insight into the usefulness of this new technique.
It was encouraging to find a small within-animal variance and a large among-animal variance. This seems to indicate that individual 'levels' of physical activity can be accurately gauged by the monitors and that there is a large variability of activity within a homogeneous group of animals. In addition this procedure did not appear to interfere with the behaviour of nonhuman primates after an initial 24 h acclimatization. Altered behaviour would have been likely to result in changes in activity in consecutive 24 h measurements. Further investigation provided no evidence of this (F "" I).
There were no malfunctions of or damage to the monitors, which have now been used in this and other pilot studies in over 3 5 gang-caged animals, providing approximately 200 recordings. Considering the everyday activity of nonhuman primates, this durability is remarkable. The technique is practical and feasible for use in large freeliving nonhuman primate populations.
The animals chosen for phase 2 of this study appeared to be a homogeneous group, and had, since they were randomly selected when purchased, been treated in an identical manner. While other factors must be involved, it is reasonable to hypo-thesize that the major difference among these animals was physical activity, and that difference in HDL-cholesterol levels may be related to physical activity. The P-value for the correlation of physical activity and HDL cholesterol is significant at the 0'05 level, and the trend seems to indicate a positive relationship between physical activity and HDL-cholesterollevels.
This preliminary study suggests that the LSI device in nonhuman primates is sensitive enough to be useful in studies concerning physical activity, HDL cholesterol and CAD. It can discriminate individual primate activity in a free living environment and does not alter daily behaviour. These findings need to be supported with additional studies on this and other species of primates. As Macaca fascicularis is a good animal model of atherosclerosis and CAD (Wagner, St Clair & Clarkson, 1978) , it seems pertinent to study further the relationship of physical activity and HDL cholesterol in this species in a way not presently possible in man.
